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$\mathcal{V}ir$ $c=0$ .
Typeset by $A_{\mathcal{M}^{S-1ffi}}$
895 1995 125-134 125
2. GKO $cosET$ CONSTRUCTION
$\mathfrak{g}=s1_{2}$ $\{E, H, F\}$
$[H,E]=2E,$ $[H, F]=-2F,$ $[E, F]=H$.
. , $\mathfrak{g}$ $\hslash$/$\acute$ x $(E|F)=(F|E)=1,$ $(H|H)=2$ ,
$0$ . Affine Lie $\hat{s\downarrow_{2}}$ $X[n](X\in g, n\in \mathbb{Z}),$ $K$ ,
$[X[n], Y[m]]=[X, Y][n+m]+n(X|Y)\delta_{n+m,0}K$,
$[K,X[n]]=0$,
Lie . $U(\hat{\mathfrak{g}})$ Sugawara operators
,
$S[m]= \frac{1}{2}\sum_{n\in \mathbb{Z}}oo\frac{1}{2}H[-n]H[n+m]+E[-n]F[n+m]+F[-n]E[n+m]_{0}^{o}$ .
, $oooo$
$0\circ x[n]Y[m]_{0}^{o}=\{\begin{array}{ll}X[n]Y[m] n<m\frac{1}{2}(X[n]Y[m]+Y[m]X[n]) n=mY[m]X[n] n>m.\end{array}$
$\wedge\wedge k$
$\#)$ . (s12) , $\hat{U}(\hat{sl}_{2})$ .












Virasoro algebra relations .
GKO
$-$
, $\hat{\epsilon\downarrow_{2}}\cross\hat{\mathfrak{s}1_{2}}\supset\hat{\epsilon I_{2}}$ ( ) .
$\triangle$ : $(\hat \mathfrak{g}$ $)arrow$ $(\hat \mathfrak{g}$ $)\otimes$ $(\hat \mathfrak{g}$ $)$ $\triangle(A)=A\otimes 1+1\otimes A,A\in\hat{\mathfrak{g}}$ . ,
$(\hat$ $)$ k $\otimes$ U
$\sim$
( )1 ,
$T^{GKO}[n]=T^{k}[n]\otimes 1+1\otimes T^{1}-\triangle(T^{k+1}[n]),$ $(n\in \mathbb{Z})$




. $\triangleright$ $\triangleright\sim$ k , $P_{k}^{+}:=\{0,1,$ $\ldots$ , parametrize
. $\lambda\in P_{k}^{+}$ $L_{k,\lambda}$ . , $\lambda\in P_{k}^{+},\epsilon\in P_{1}^{+}$ . $L_{k_{2}\lambda}\otimes L_{k,e}$
$\triangle(\hat{s1_{2}})x$ $\mathcal{V}$ . , $r$ $T^{GKO}[n]$ .










. $V_{c(k),h_{r,*}}$ , $(r=1, \ldots ,$ $1, 9=1, \ldots ,$ $+2)$ unitariza$ble$ .
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3. $WZW$-MODEL
WZW-model , $L_{k,\lambda}^{\dagger}$ .
$L_{k,\lambda}[d]=\{v\in L$ , $\lambda|T^{k}[0]v=(h_{\lambda}+d)v\}$
, , $\lambda$ $=\oplus_{d\geq 0}L_{k,\lambda}[d]$ . , $T^{k}[0]$ $h_{\lambda}$
$h_{\lambda}= \frac{\lambda(\lambda+2)}{4(k+2)}$






$\{ua|v\}=\{u|av\rangle(=:\{u|a|v\rangle)$ $(a\in U($ $), u\in L_{k,\lambda}^{\dagger}, v\in L_{k_{2}\lambda})$







, $(L_{k,\lambda}^{\dagger}\otimes L_{k,\lambda})^{*}$ $\mathbb{C}^{x}$
. , $u\otimes v\in L_{k,\lambda}^{\dagger}\otimes L_{k,\lambda}$ ,
$\{u|X(z)|v\}:=\sum_{m\in Z}\{u|X[m]|v)z^{-m-1}$ , $\mathbb{C}[z, z^{-1}]$ . ,
conformal blocks . $t$
128
$L_{k,\lambda}^{*}=(L_{k,\lambda_{S}}^{\dagger}\otimes L_{k,\lambda_{2}}\otimes L_{k,\lambda_{1}})^{*}$ $\mathbb{C}^{x}$ $\phi(z)$ ConformaI
block :
(1 ) $z\in \mathbb{C}^{x}$ , $w^{-1},$ $w-z,$ $w$ 3 Laure
$\phi(z;u_{3}X(w)\otimes u_{2}\otimes u_{1}),$ $\phi(z;u_{3}\otimes X(w-z)u_{2}\otimes u_{1}),$ $\phi(z;u_{3}\otimes u_{2}\otimes X(w)u_{1})$
, , $0,$ $\infty,$ $z$ 1 .
(2
.
$\frac{d}{dz}\phi(z;u_{3}\otimes u_{2}\otimes u_{1})=\phi(z;u_{3}\otimes T^{k}[-1]u_{2}\otimes u_{1})\nearrow^{-}’-$
Remark. $\hat{L}_{k,\lambda}$ $:= \prod_{d\geq 0}L_{k,\lambda}$ , canonical
$(L_{k,\lambda_{8}}^{\dagger}\otimes L_{k,\lambda_{2}}\otimes L_{k,\lambda_{1}})^{*}\cong Hom\mathbb{C}(L_{k,\lambda_{2}}\otimes L_{k,\lambda_{1}},\hat{L}_{k,\lambda_{S}})$
, $\phi(z;u_{3}\otimes u_{2}\otimes u_{1})$ , $\phi(z;ua\otimes u_{2}\otimes u_{1})=\langle u_{3}|\phi(z;u_{2}\otimes u_{1}))$ $\phi(z;u_{2}\otimes$
$u_{1})$ . , $u_{2}$ operators family $\phi(z ;u_{2})$ :
Lk, $\lambda$ l $arrow$ Lk, $\lambda$ , $\phi(z;u_{2}\otimes u_{1})=\phi(z;u_{2})u_{1}$ ,
.
$\mathbb{P}^{1}$ 3 $0,$ $z,$ $\infty$ , $N$ confbrmal
block . 3 vertex operator .
Vertex operator , $z$ $L_{k,\lambda_{2}}$ $L_{k,\lambda_{2}}[0|=L_{\lambda_{2}}$ oper-
ator primary field .
. Primaiy eld :
$[X[n], \phi(z;v)]=z^{n}\phi(z;Xv),$ $(X\in \mathfrak{g}, n\in \mathbb{Z}, v\in L_{\lambda_{2}})$ ,
$[T[n],$ $\phi(z;v)]=z^{n}(z\frac{d}{dz}+(n+1)\text{ _{}\lambda_{2}})\phi(z;v),$ $(n\in \mathbb{Z},$ $v\in L_{\lambda_{2}})$ .
, $\phi(z)$ , conformal block .
.
Conformal blocks $\mathcal{L}_{k,\lambda}$ . .
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[TK]. $\mathcal{L}_{k,\lambda}$ 1 , 1 :
$\lambda_{1}+\lambda_{2}+\lambda_{3}\{h2$ ,
(1, 2, 3) $(i,j$ , $\lambda:+\lambda_{j}-\lambda_{k}\geq 0$ .
$\lambda=(\lambda_{1}, \lambda_{2}, \lambda_{3})$ C$G_{k}$ . Clebsch-Gordan
.
4. VIRASORO MINIMAL MODEL
$p,q$ central charge ,
$c=c_{p,q}:=1- \frac{6(p-q)^{2}}{pq}$
, 1 Virasoro minimal model . $c$ ,
$R_{c}=\{\text{ _{}r_{2}\epsilon}|r,s\in \mathbb{Z}, 0<r<q,0<s<p\}$ ,
$\text{ _{}\Gamma,\theta}=\frac{(pr-qs)^{2}-(p-q)^{2}}{4pq}$
. ,h $($ $\in R_{c})$ minimal model .
$\text{ _{}q-r_{2}p-s}=\text{ _{}r,s}$ $R_{c}$ $\frac{1}{2}(p-1)(q-1)$ .
.
[FQS,$L$]. $0<c<1$ , $V_{c,h}$ unitarizable ,
$c=c$( ) $=c_{k+3,k+2}($ $=1,2, \ldots)$ , $\in R_{c(k)}$
.
Virasoro minimal model unitarizable minimal model
.
minimal model . conformal block , $L_{k,\lambda}$
,h, $X(z)$ $T(z)= \sum_{n\in \mathbb{Z}}L_{n}z^{-n-2}$ . conform{
blocks $\mathcal{V}_{c,h}$ .
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[Ku]. $\mathcal{V}_{c,h}$ 1 , 1
: $r;,$ $s_{i}\in \mathbb{Z}(1\leq i\leq 3)$ , i $=$ hr:,8 ,
$\nearrow r$
- $r2+r_{3}$ $2q-1$ ,
$s_{1}+s_{2}+s_{3}$ $2p-1$ ,
(1, 2, 3) $(i,j$ , $r_{i}+r-r\geq 1,s_{i}+Sj-sk\geq 1$ .
[FFu] .
Remark. , [BPZ] ,
.
$=$ ( 1, 2, 3) , $BPZ_{c}$ .
5. COSET CONSTRUCTIONS OF CONFORMAL BLOCKS
2 GKO , .
. $\lambda_{i}+\mu i+\epsilon_{i}\equiv 0$ (mod2) $(1 \leq i\leq 3)$ $\lambda\in cc_{k\mu}\in CG_{k+1},$ $\epsilon\in CG_{1}$
. $i=$ $\lambda$ : $+1,\mu i+1(1\leq i\leq 3)$ , $\in BPZ_{c\langle k)}$
,




Remark. $N$ conformal block .
[I].
6. SPINOR




. Fock , vectors $|\delta\rangle$ ,
$\psi_{i}[n]|\delta\}=0$ fbr $n\geq 0$ ,
$\overline{\psi}_{i}[n]|\delta)=0$ for $n>0$
. $\mathcal{F}_{\delta}^{even},\mathcal{F}_{\delta}^{odd}$ , even part
odd pa .
, $a,$ $b$ $\psi$ ; $\overline{\psi}_{i}$ , $:\cdot$ : ,
$:a[n]b[m]:=\{\begin{array}{ll}a[n]b[m]| n<m\frac{1}{2}(a[n]b[m]-b[m]a[n]) n=mb[m]a[n]^{*} n>m\end{array}$
.
(free fermion)
$\psi_{i}(z)=$ $\sum\psi_{i}[n]z^{-n-1/2},\overline{\psi}_{i}(z)=$ $\sum\overline{\psi}_{i}[n]z^{-n-1/2}$ ,
$n\in \mathbb{Z}\{-\delta$
$n\in \mathbb{Z}\vdash\delta$
. , Homc$(\mathcal{F}_{\delta},\hat{\mathcal{F}_{\delta}})$ $\mathbb{C}^{x}$ . $\delta=0$
, 2 . oparators , [FFr]
. , operators
$E_{1}(z)=\psi_{1}(z)\overline{\psi}_{2}(z),$ $F_{1}(z)=\psi_{2}(z)\overline{\psi}_{1}(z),$ $H_{1}(z)=:\psi_{1}(z)\overline{\psi}_{1}(z);-:\psi_{2}(z)\overline{\psi}_{2}(z)$ :
$E_{2}(z)=\psi_{1}(z)\psi_{2}(z),$ $F_{2}(z)=\overline{\psi}_{2}(z)\overline{\psi}_{1}(z),$ $H_{2}(z)=:\psi_{1}(z)\overline{\psi}_{1}(z):+:\psi_{2}(z)\overline{\psi}_{2}(z)$ :
. $E_{1}(z)= \sum_{n\in Z}E_{1}[n]z^{-n-1}$ ,
[KP,$F$]. Fock $\cross$ ,
$\mathcal{F}7^{ven}/2$ $L_{1,0}\otimes L_{1,0}$ , $\mathcal{F}_{1/2}^{odd}\cong L_{1,1}\otimes L_{1,1}$ ,
$\mathcal{F}_{0}^{even}\cong L_{1,0}\otimes L_{1,1}$ , $\mathcal{F}_{0}^{odd}\cong L_{1,1}\otimes L_{1,0}$
.
GKO construction $k=1$ ,
$L_{1,0}\otimes L_{1,0}\cong L_{2,0}\otimes V_{1/2,0}\oplus L_{2,2}\otimes V_{1/2,1/2}$
132
$L_{1,1}\otimes L_{1,1}\cong L_{2,2}\otimes V_{1/2,0}\oplus L_{2,0}\otimes V_{1/2,1/2}$
$L_{1,0}\otimes L_{1,1}\cong L_{2,1}\otimes V_{1/2,1/16}$







$E(z)=\psi_{1}(z)\psi+(z),$ $F(z)=-\overline{\psi}_{1}(z)\psi_{+}(z),$ $H(z)=2:\psi_{1}(z)\overline{\psi}_{1}(z)$ :
.
, $\lambda=\epsilon=(0,0,0),\mu=(0,0,0),$ $(2,0,2),$ $(2,2,0),$ $(0,2,2)$
. 1 $(0,0,0)$ vertex operator $[0]_{1}$ .
$\Phi(z):=[0]_{1}\otimes[0]_{1}:\mathcal{F}_{1/2}^{even}\otimes \mathcal{F}_{1/2}^{even}arrow\hat{\mathcal{F}}_{1/}^{ev}\ovalbox{\tt\small REJECT}$
Fock .




$v\in L_{2,0}\otimes V_{1/2,0}$ ,
$\mathcal{F}_{1/2}^{even}\cong L_{2,0}\otimes V_{1/2,0}\oplus L_{2,2}\otimes V_{1/2,1/2}$
, $\Phi$v( ,
$([0]_{2}\otimes[0]_{1/2}0$ $[0]_{2}\otimes[0]_{1/2}0$
. , $[0]_{2}$ 2 vertex operator second factor $0$
$(\mu=(2,0,2),$ $(0,0$ ,0) $)$ . , $[0]_{1/2}$ $c=1/2$ Virasoro minimal
model vertex opeartor second factor $0$ . ,
$v\in L_{2,2}\otimes V_{1/2,1/2}$ ,
$([2]_{2}\otimes[1/2]_{1/2}0$ $[2]_{2}\otimes[1/2]_{1/2}0$
.
$[0]$ identity operator , second factor
identity . , $[1/2]_{1/2}$ $\psi_{-}(z)$ .
vertex operators ae fermion , GKO
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